Abstract Copper oxide nanofluid has been prepared by single-step wet chemical precipitation method. The preparation of nanofluid is carried out by reducing copper chloride with sodium hydroxide as reducing agent in deionised water as base fluid by means of conventional heating. The characterization of sample nano powder is done by X-ray diffraction (XRD), EDXA, SEM, and TGA. The mean size of the particle was determined from the XRD pattern by using the Scherrer formula and the average particle size was found to be 20 nm. Also an increase in thermal conductivity of the prepared copper oxide nanofluid was found to be 12.4 % compared to deionised water.
Introduction
In many industrial applications, fluids are generally used as a cooling medium and the enhancement of the heat transfer behavior of these fluids is of great importance in many applications. Nanofluids are a new class of fluids engineered by Choi (1995) dispersing nanometer-sized materials (nanoparticles) in base fluids. In other words, nanofluids are nanoscale colloidal suspensions containing condensed nanomaterials. They are two-phase systems with one phase (solid phase) in another (liquid phase). Nanofluids have been found to possess enhanced thermo physical properties such as thermal conductivity, thermal diffusivity, viscosity, and convective heat transfer coefficients compared to those of base fluids such as oil or water. It has demonstrated great potential applications in many fields such as microelectronics, transportation, manufacturing, heating, and cooling. Lee et al. (1999) developed model for measuring the thermal conductivity of fluids containing metals or metal oxides of conductivity higher than base fluids. Wang et al. (1999) conducted experiments on the fluids having nanoparticles mixture and found that thermal conductivities of nanoparticle-fluid mixtures increase relative to those of the base fluids. Li and Peterson (2006) performed experiment on the nanofluids by varying the temperature of the fluid and also the volume fraction has been changed, and found that there is an effective increase in the thermal conductivity of the nanofluids. Xuan and Li (2003) studied the convective and flow features of the nanofluids. Liu et al. (2006) and Murshed et al. (2005) showed the thermal conductivity enhancement of CuO nanofluid and titanium dioxide nanofluid, respectively. Lazarus (Godson et al. 2010) found that the main reason for the heat transfer enhancement of nanofluids is that the suspended nanoparticles increase the thermal conductivity of the fluids, and the chaotic movement of ultrafine particles increases fluctuation and turbulence of the fluids, which accelerates the energy exchange process.
Copper oxide nanoparticles are an interesting class of material having multifunctional properties with promising applications in the areas of catalysts, batteries, magnetic storage media, solar energy, and superconductors (Frietsch et al. 2000; Sukhorukov et al. 1998; Carnes and Klabunde 2003) . Several methods have been available to synthesis copper oxide nanoparticles with various morphologies. These nanoparticles have great advantages over conventional materials because of their large surface area. Formation of well-dispersed nanoparticles is a challenging issue because these particles tend to agglomerate with time and tend to lower the surface energy. Very high reaction rates are achieved when highly dispersed nanoparticles are used for hydro cracking, coal liquefaction, etc. Copper oxide is used as an ultra dispersed catalyst (Bennici et al. 2003; You et al. 2002) in heavy oil upgrading. Copper oxide nanoparticles are also used in nanofluids where dispersed nanoparticles are used for increasing the thermal conductivity of fluids.
Preparation of stable nanofluids is of very much important in the area of nanofluid research and its application. For the past decades, researches had used two-step methods for preparing nanofluids, for example, Eastman et al. (2001) used two-step method to prepare nanofluid and shown that copper nanometer-sized particles dispersed in ethylene glycol has a much higher effective thermal conductivity than pure ethylene glycol. Though this method is economic, the problem of drying, storage, and transportation exist. Also, the problem of agglomeration and clogging leads to reduced thermal conductivity of nanofluids.
As an example of one-step method, Jwo et al. (2007) prepared CuO-water nanofluid using temperature arc method and indicated about the improvement of thermal conductivity of nanofluid by 9.6 %. Another example; Kurihara et al. (1995) used polyol as a solvent to prepare copper nanoparticles. Here, the drawback of this method is that the copper salt should be heated to its boiling point. Recently, Zhu et al. (2004) developed an efficient novel one-step chemical method for preparing copper nanofluids, and this method has the advantages in terms of controlling the particle size, reducing agglomeration of the nanoparticles and producing nanofluids in a large scale.
From the literature studies, it is very clear that copper oxide nanofluids has high thermal conductivity and also have good heat transfer properties suitable for thermal engineering applications. In this study, copper oxide nanofluids was synthesized with a wet chemical method, and the characterization has been carried out using XRD, EDXA, SEM, and TGA.
Experimental section
Copper oxide nanofluid has been prepared using wet chemical method. All the chemicals such as copper chloride, sodium hydroxide, and hydrochloric acid were purchased from Aldrich chemicals and they are in analytical grade. Since the method involves single-step process, the preparation of copper oxide nanoparticle is carried out along with nanofluids. In this preparation process, 100 ml of deionised water is taken in a 500 ml of beaker. To this 0.51 g of copper chloride was added along with one gram of sodium hydroxide pellets. The reaction mixture was heated along with magnetic stirring and the process is carried out for one hour. As a result, the color of the solution changes from blue to black after the reaction, and then the mixture was cooled to room temperature. Schematically the chemical reaction can be represented as
The PH value of the so formed copper oxide wet precipitate is neutralized by adding droplets of hydrochloric acid. Then the copper oxide wet precipitate is washed with deionised water to remove the impurity ions present in the solution. Copper oxide nanofluids are obtained by dispersing the wet precipitate into the required amount of deionised water under ultrasonic vibration for about 4 h to have uniform dispersion of copper oxide nanoparticles.
Results and discussion

Characterization
The particles were characterized by XRD for structural determination and estimation of crystalline size using the instrument PAnalytical X'Pert PRO diffractometer, Scanning Electron Microscope was done using the Hitachi, model:S-3400 N for surface morphology and XRF was carried out using the Bruker, model: S4 Pioneer for chemical composition. The thermal stability of the sample was investigated using the instrument: SDT Q600 V20.9 Build 20, and the thermal conductivity is measured using KD2 Pro thermal analyzer, Decagon Devices, Inc., USA.
XRD
The peaks apparent in the Fig. 1 indicate good crystallinity of the copper oxide nanoparticles, no characteristics peaks of any other phase of CuO were observed. X-ray diffraction studies confirmed that the synthesized materials were CuO, and all the diffraction peaks agreed with that of monoclinic CuO according to the literature (JCPDS, File No. 01-080-1916) . The average crystal size is 20 nm which is calculated using Debye-Scherrer formula.
where k is the X-ray wavelength (1.5406), b is the peak width, and theta is the Braggs angle. The Energy dispersive X-ray analysis reveals the presence of Cu and O elements in the prepared copper oxide nanopowder, as shown in Fig. 2 . Also the elemental analysis of the sample shows that the prepared sample is copper oxide which is in good agreement with the results of XRD.
SEM
Scanning electron microscope images were obtained for both copper oxide nanoparticle and copper oxide nanofluid by placing few drops of the dispersion on a copper grid and evaporating them prior to observation. Figure 3 shows the SEM image of Cuo nanoparticle which indicates that the morphology of particle is spherical in shape and shows very tiny agglomerates, and Fig. 4 shows the SEM image of CuO nanofluid, respectively.
Thermo gravimetric analysis
The thermo gravimetric analysis was carried out to confirm the thermal stability of the nanoparticle. Figure 5 shows the thermo gravimetric analysis image of the copper oxide sample. The temperature was heated from 25 to 200°C with a heating rate of 10°C/min. A decrease in weight occurs from 25 to 85.2°C due to the vaporization of the residual water content, with weight loss of about 3.17 %. No significant loss is observed in the range of 85.2-200°C where the weight remains constant indicating no oxidation behavior of the copper oxide nanoparticle. Darezereshki and Bakhtiari (2011) reported that the weight loss is 9.9 wt% in the temperature range of 100-400°C for copper oxide nanoparticles which is 67.9 % higher than the present weight loss.
Thermal conductivity
The thermal conductivity of CuO nanofluid was measured using a KD2 Pro thermal property analyser (Decagon Devices, Inc., USA). The KD2 Pro is a battery-operated, menu-driven device. It consists of a handheld microcontroller and sensor needles. The KD2's sensor needle contains both a heating element and a thermistor. The sensor needle can be used for measuring thermal conductivity of fluids in the range of 0.2-2 W/mK with an accuracy of ±5 %. The controller computes the thermal conductivity using the change in temperature (DT)-time data from
where q is constant heat rate applied to an infinitely long and small line source, DT 1 and DT 2 are the changes in the temperature at times t 1 and t 2 , respectively (Suresh et al. 2011) . The calibration of the sensor needle was carried out first by measuring thermal conductivity of distilled water. The measured values for distilled water is 0.611 W/mK which is in agreement with the literature values of 0.613 W/mK within ±5 % accuracy (Hagen 1999; Vargaftik 1975; Kothandaraman 2007) . Thus, the measured thermal conductivity of copper oxide nanofluid is 0.698 W/mK which showed an increase of 12.4 % when compared to deionised water. Also, the values are higher when compared with Jwo et al. (2007) where he indicated about only 9.6 % increase in thermal conductivity.
Conclusion
Thus, the copper oxide nanofluid has been synthesized using wet chemical method using copper chloride as a precursor, and the average size of the nanoparticle was found to be 20 nm which is calculated using De-Scherrer formula. Also, the thermal conductivity is measured using KD2 Pro thermal property analyser which indicates that there is a significant increase in thermal conductivity of the prepared copper oxide nanofluids compared to deionised water and the increase was found to be 12.4 %. Hence from the study, it can be concluded that the copper oxide nanofluid can be used for heat transfer applications due to their enhancement in thermal conductivity.
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